Abstract. We study the transverse momentum (pT ) spectrum of charged particles produced in deep inelastic scattering (DIS) at small Bjorken x in the central region between the current jet and the proton remnants. We calculate the spectrum at large pT with the BFKL ln(1/x) resummation included and then repeat the calculation with it omitted. We find that data favour the former. We normalize our BFKL predictions by comparing with HERA data for DIS containing a forward jet.
Introduction
An intriguing feature of the measurements at HERA in the small x domain is the possible existence of significant ln(1/x) effects. A major part of the rise observed for the structure function F 2 with decreasing x may be attributed to the resummation of the leading ln(1/x) 'BFKL' [1] contributions. An excellent unified BFKL/GLAP fit of F 2 in the HERA regime has recently been obtained using a "flat in x" input [2] , and the rise due to BFKL-type effects has been quantified within this description. However, the growth of F 2 with decreasing x can be described equally well by pure GLAP [3] ln(Q 2 ) evolution from suitably chosen input parton distributions so the main origin of the rise is still an open question. The observable F 2 is too inclusive to distinguish between these alternatives. The study of deep inelastic scattering (DIS) events containing an isolated forward jet [4, 5] is a better discriminator of the underlying small x dynamics. The process is sketched in Fig. 1a . In this case we effectively study DIS off known parton distributions and so we avoid the ambiguity in the choice of the input distributions. The method is theoretically attractive. The summation of the leading ln(1/x) contributions gives an (x/x j ) −λ behaviour of the BFKL ladder connecting the photon to parton a. Here x is Bjorken x and x j is the fraction of the proton's longitudinal momentum carried by the parton jet. An unambiguous measurement of the exponent λ looks feasible. In practice a major problem is the identification of the jet due to parton a, and the measurement of its momentum, when it is close to the remnants of the proton. Typically the clean a On leave from H. Niewodniczanski Institute of Nuclear Physics, Department of Theoretical Physics, ul. Radzikowskiego 152, 31-342 Krakow, Poland b Present address: Institute for Theoretical Physics, Universität Regensburg, 93053 Regensburg, Germany observation of the jet requires x j < ∼ 0.1 and so in this process we lose about a factor of 10 in the 'small x reach' of HERA.
Besides the x −λ growth as x decreases along the BFKL ladder, a second characteristic feature is the diffusion in ln k 2 T where k T are the transverse momenta of the gluons emitted along the chain. One way the diffusion manifests itself is in an enhancement of the transverse energy (E T ) flow in the central region between the current jet and the proton remnants [6], see Fig. 1b . In principle the diffusion can enhance E T from both the 'upper' and 'lower' BFKL gluon ladders, which are denoted by Φ and f in Fig. 1b . However, the x reach at HERA is insufficient to fully develop the ln k 2 T diffusion in both ladders simultaneously. Nevertheless, the effect is quite appreciable giving at the parton level an energy flow E T < ∼ 2 GeV/unit of rapidity. However the clean parton level prediction can in practice be masked or mimicked by the effects of hadronization. Thus, although the prediction for E T is in agreement with observations [7] we cannot definitely conclude that it is due to ln(1/x) resummations.
An interesting way to overcome this ambiguity is to consider the emission of single particles at relatively large transverse momentum p T in the central region [8] . The single particle spectrum at sufficiently large values of p T should be much more immune from hadronization and more directly reflect the ln k 2 T diffusion from the BFKL ladders.
The outline of the contents of the paper is as follows. In Sect. 2 we use the data for the process DIS + forward jet to normalise the BFKL function Φ shown in Fig. 1a . To be precise we numerically solve the BFKL equation for Φ using the amplitude Φ (0) for the quark box (and crossed box) as input at a value z 0 of z = x/x j which is chosen so that the resulting Φ reproduces the DIS + jet data. Also, for completeness, we present in Sect. 2, an ana- lytic form for Φ which is valid for fixed α S , and which has been the basis for a recent analysis. In Sect. 3 we give the formula necessary to calculate the transverse momentum (p T ) spectrum of single particles produced in the central region. The process is shown in Fig. 1c . The predictions for the p T spectra (with and without the BFKL effects included) are compared with HERA data. Finally in Sect. 4 we give our conclusions.
DIS + forward jet events
We first calculate the cross section for DIS containing a forward identified jet. This so-called "Mueller" process is a valuable probe of small x dynamics in its own right. We compare with HERA data to normalise the function Φ shown in Fig. 1a . There are uncertainties in the normalisation, and even the shape of the x distribution is dependent on subleading ln(1/x) corrections.
The variables of the process are shown in Fig. 2 . As usual the variables x and y are given by x = Q 2 /2p · q and y = p · q/p e · p where p, p e and q denote the four momenta of the proton, the incident electron and the virtual photon respectively, and Q 2 ≡ −q 2 . The variables x j and k jT are the longitudinal momentum fraction and transverse momentum carried by the forward jet. The differential cross section is given by [4] 
where the differential structure functions have the following form for i = T, L and
We have assumed strong ordering at the parton a -gluon vertex. Assuming also t-channel pole dominance the sum over the parton distributions is given by a f a = g + 4 9 q (q +q) .
Recall that these parton distributions are to be evaluated at (x j , k 2 jT ) and that x j is taken as large as is experimentally feasible. The data that we describe below have x j > 0.035. For these values of x j the partons are reliably determined from the global analyses, so there are no ambiguities arising from a non-perturbative input.
The functions Φ i (x/x j , k 2 jT , Q 2 ) describe the virtual γ + virtual gluon fusion process including the ladder formed
